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short, the personal equation ecut a con-
spienous figure in the character of each
melt.

The Bessemer Process.

Along about 1856 Henry Bessemer in-
vented his converter, by which he showed
it to be possible to produce within an ns-
tonishingly short period a superior sort of
soft steel. The Bessemer process revolu-
tionized the industry and opened the way
for the general snbstitution of steel for
iron in many kinds ot strietural work,
But in the course of years, particularly
here in America, tho Bessemer process Jost
ils preeminence becanse it depended {un-
damentally upon fairly pure iron ores,
i. o, those low in phosphorns. These weo®
could not get from native deposits. The
ontlook for the stecl mills in Ameriea wos
not a hopeful one, bot onee more re-
sourcelulness came to the rescne.  Sir Wil
liam Biemens’s open hearth furnnce, eon-
caived in 1861, and subsequently afid sue-
ceseively improved, saved the day.

The open hearth furnace permitied the
utilization of so-ealled low grade ores;
and because of its more leisurely opgra-
tion erfabled the attendant to contro] the
melt and to effcet & measure of purifion-
tion not feasible where the Bessemer eon-
verter was depended upon. Prof. Brad-
ley Stoughton of Columbia University
tolls us: “During the year 1006 (be Des-
semer proecss in the United States yiclded
vary much to the basic opon hearth, and
it wouid eeem as if there was no chance of
iia ever taking up so important a position
agnin unless new iron ores low in plos-
Pphorus are discovered.”

Phosporus makes steel brittle, and
#his is espeeially noticeabls in eold weather
when the metal is subjected to shoek. An
elarming number of rail breakages upon
our steam roads about twelve years ago
gave the Bessemer process a pretty black
eye,

So muelr for the general background in
ghe roalm of steel where the yast tonnage
sms devoled to raila and
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uses of alloy stecls—employing the latter
term to set these products apart from the
bulk of the output of the steel farnaces.
As he tells us: “Probably the first useful
alloy steel was Robert Mushet's self-hard-
ening tungsten tool steel, patented in 1868,
Fifteen years later chromium steel was
struggling for recognition for some pur-
poses, the chief of which was for the man-
ufacture of solid shot for piercing armor,

“In hoth of these steels the effect of the
alloying element as used was in a way
proportional to the amount contained, In
1882 Hadfield made his epoch making dis-
covery of manganese steel and demonstrated
that in iron metallurgy it is not safe to
take for granted anything as to the prop-
erties of an alloy of iron with other ele-
ments, basing one’s opinlon on past ex-
perience and knowledge, and that the ef-
fect of an alloying element may not be
proportional to its content. The devel-
opment of useful nickel steels followed
in n few years, and the field thus opensd
has since been worked by many zealous
and able men, with resulls of great im-
portance and value.”

Perseverance Won.

Prof. Btonghton hers gone somewhat
more into detail than Mr. Hibbard in ex-
plaining the true inwardness of Robert
A. Hadfleld's untiring ingenuity, which
resulted in a material whose properties
were not only the opposite of what might
bave been reasonably expected but whose
eombination of great hardness and great
ductility wns unknown previously and
might rationally have been believed to be
impossible of realization.

“Constant study and perseverance,” he
says, “must have beem the qualities that led
to this revolutionary invention, and it has
establish beyond question the prineiple
that beeause a given amonnt of any ele
ment produces a given effect upon steols,
it does not follow that a different amount
will give the same effect in a differ-
ent degree, Indeed a different amowmt
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haps an exactly contrary, effect as is
the case of the effect of mangnnese npon
steel.” '
Confinuing, this eminent anthorily ex-
plaing: “When the manganese in steel is
over 1 per cent. the metal becomes hard
and somewhat brittle, and these qualitics
increase in itensity with every inerease
of manganese unfil when we have 4 (o
0.0 per cent. the steel can be powdered
under the hamimer, But as the manganese
is inoreased from this point these proper-
ties do not increase, and when we reach
7 per cent. an entirely new seb of prop-
erties begin to appear. Thess are well
marked ag 10 per cent. of manganese, and
reach & miximum at 12 to 15 per cent.”
In latter years, thanks to the steadily
widening activities of the chemist and the
resources of the laboratory, steel making
has become a stience in a lange measure
where before it was, in its highest expres-
gion, nothing more than an art. Beeause
of these investigntions steels are bringing
about profound changes in varions indus-
trial flelds; and the metallurgist is pa-
tiently trying out & wide variety of ele-
ments in his search 1or special steels.
Some of these products bave had an
ophomeral eareer of service, while others
bave obtained a seemingly permanent
commercial hold. Even so, the man in the
laboratory is not content, for he is bent
upon improving these and possibly eall-
ing still others into being. He is doing
this because science, largely aided by the
microseope and the deep etching of cer-
tain corrosive chemicals, has disclosed the
intimate get up of steel and established
the fact that the physieal arrangement of
the metal's constituenis varies aecordingly
ns the steel i gobjecled to different heat
trentments.
To make alloy steels, such clements as
manganese, si‘lioon, tungsten, nickel, chro-
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nium, &e,, are resorlted to, and a well nigh
bewildering employment of one or more
of these in divers percentages will pro-
duee physical alterations, distinetive char-
acteristics of a more or less marked dis-
similarity. What is partienlarly gignifi-
eant is the fact that an unsatisfactory
alloying element of to-day may be the
promoling cause of a momentous develop-
ment to-morrow, and all on account of a
difference in the quantity used or the man-
ner in which the ulloy controls the re-
adjustment of the body substance of the
stecl while the metal s undergoing one
or two heat treatments.

Alloys are added to steel for two pur-
poses: first, ns a enrative agent during the
cagting of the molten metal into ingots—
i. ¢, to prevent the formation of blow-
holes and to eontrol the vertienl extent of
the “pipe” or eentral cavity, both of which
constitute defeets; and, next, to impart
to the steel certain lusting properties that
can  perhaps be enhnnced by carefully
regulated heat treatments.

Tungsten a Key Metal.

_Tungsten is valuable because of its ef-
foct on the finished and treated steel, and
simple tungsten steel has figured for thirty
or forty years in the manufacture of per-
manent magnets, dynamos, &e. - However,
it has been found usetul in the manufne-
ture of tool steel, and despite some con-
clusions fo the contrary it has served to
render the borea of eannon less subjeet to
tha attack of thoe erosive superhoated
gases of the burning powder,

Tungsten has been eallsd one of our
vitally necessary “key” metals, and one
authority has said: “To deprive a nation
of tungsten 15 to eripple its military
power in lime of war, nnd ils industrial
power in time of pease.” Further, from
the same souree, we are informed : “With-
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not be produced nor operated in suftivient
quantily to make the ‘seventy-five’ and its
thousands of shells, the rifle and (he -
chine gun and its millions of cartridges,
nor could sutomobiles, farm machinery,
whips or engines be replenished after the
sword has been happily sheathed."

The Germans realized this prior {o the
war, and with characteristie fovesight they
set about sequiring a substantinl monop-
oly of the world's tungsten production.
Dut tha blockade of the Central Powers
during the course of the recent titamie
struggle shut the Teutons out from fur-
ther supplies, and they accordingly cost
abont them for native or nearby re-
sources of an alloyving element which
would gerve the same purpose.

This they found in uramiam, and prool
of its potentinl value wos estohlished
prior to the eonflict by o German firm en-
gaged in marketing fervo-uraninm for nse
in the manufactore of steel. Here in the
United States uranium steel has wor rec-
ofmition since 1914, and it seems that a
small pereentage of uranium will answer
for n very much lurger percentage of
tungsten. High speed steel alloyed with
uranium has shown excellent cutting qual-
ities,

Chromium in steel incresses the hard-
noss of the metal and, for that renson, it
answers admirably for stamp shoes and
dies in the machinery required for pulver-
izing cortain gold and gilver ores prepar-
atory to their refining. Again, this alloy
enters into the steol plates used for the
walls and doors of our large hurglar-
proof safes or vaults. Further, chrominm
steels are worked into balls ond rollers
for bearings, which, beenuse of their hard-
ness, are able to support very heavy londs
and to endure without serious woar for n
long time. It was chrome which the fa-
mous Krupp Works introduced some

of any of the nickel steels. Before Ar-
nold dnd Head hit upon that exaet per-
centage of nickel it was ecommonly be-
lieved that 15 per cent. of nickel would
give the greatest strength for such an
alloy, This 18 merely illustrative of how
knowledge widens in the course of time,
It 158 alko suggestive that the 13 per cent.
nickel-iron alloy was g0 hard 83 to he nn-
wachinable.

||n“‘l‘\‘|'r,
desirahle when resistance to rusting or
corrosion is the aim.  Aveordingly, the
vitlve stems of the gall water fire protee
tion service of New York eity are made
of this latter composition; and this same
alloy is employed for the spark plug poles
of internal combustion cngines and au-
tumobiles,

o

22 per cent, nickel stee] 15

Nickel Chromium Important,

Nicke! steel containing 30 per cent, of
nickel does admirably well when used 12
boiler tubes for sengoing ships By in-
ercaging the nickel to 36 per cent, n metal
ealled invar is produced which., because
of its slight expansion and contraction
under atmospherid changes, is especially
suited for clock pendulums, the springs
of echronometer balances and rods for
measuring mstruments. Further, by run-
ning up Lhe nickel content to 46 per cent,,
with o suitable measure of carbon, there
results n composition known as platinite,
which, owing to its low coeflicient of ex-
pansion, has béen substituted for platinum
in leading wires in the glass bases of
cleetric ineafdescent lamp bulbs,

Nickel chrominm steels, commonly
spoken of ss chrome nickel steels, are said
to b¢ among the most important structural
alloy steels and their field of usefulness is
continually widening. This metal ean be
made somewhnl more ehenply than @mph
kel the drength anid
duetility containing o smaller total of the
olloying elements, and chronnum is less
costly than niekel.
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By ROBERT G. SKERRETT. i (
S UPERSTEEL! What is it; and why 1
is it what it is? Has Prof. John “ =
Oliver Arnold of Shefeld University, 3 B R S i = el
England, really given the world some- g " % 3“ ) : N e . ; 3
thing radically new in the realm of 3 i "‘“%‘, ’ e te S y
metallurgy, or haf he merely given pro- Ly L P
fessional indorsement to n mill practice
'-Ag%%ggg FORGING ROUGH BLANKS of, SPECIAL STEEL
A PRIME For ARMOR-PIERCING QJECTILES
[ §
. fum sleel can be radiully altered for the
better by suitable heat treatments. This
= bears upon a point ‘which the expert ot
! the Bureau of Mines, Mr. Hihbard, ham
emphasized in this manner: “The effeots
I . of heat treatment are so great that-a
e s oy cortain stoel may bo given a very wide
L iss e iR range of properties, depending on the
W n & ¢ oy Aade troatment, and any desired set of proper-
¥ o & tics within th-u range may be obtaiced
R | solely by varying the heat treatment. The
PR principal variant is the degres of the
second heating. The lower thig is, the
) stronger and stiffor the steel; and the
x higher, the weaker and more ductile it is.
The nickel ehromium steels find many
fields of service open to them, They
a s figure extensively in the getup of auto-
mobiles, in the making of armor plate, in
the production of armor piercing projecs
tiles and in the manufacture of rails. As
» " WHITE ARROW Mr, Hibbard remarks—and his point
: M?&"%\S g&;réléfmw brings out how steels ean he made to meet
RAIL gpecinl requirements: “It is enrious that
3 nickel is considered to improve the quality
of shot, although generally held to injure
' the quality of high speed tool steels.
o ke “In use there seema to be a parallel
RO between the requipements of the fwo, ex-
' | copt for (he important and vital diﬂercn(uha
i . which th
- TOO VOL IZED ns to the required speed nt which t
HIGH= SPERD Ihhgl-TlEPFEL gﬁ%&%ma CE INGOTS OF respeotively meet the metal to be pene-
SPEED TOOL ‘-‘SL?EHE"L trated, The speed of impaet of the shot
that is by no means novel oo this side of poses. ‘}'lu'_ majority of these produeers SHQKGH"% BEF'E;% E{:E 1‘I:I:|)|I‘.‘.ii o "It’l, “;:“{ \;'lu-n s rﬂ:_l::it“:'t l;:
the Atlantie? made no elaima to nicelies of composition, pressura will effec 1 ! Jlﬂ t]tnmie I\r . e
: b wiova Thon s widos  And the purchosers were content if the : . 14 PESRILIS LRR IWILON (1§ 1000 CORNYS
I'I.II; “'llmn ”:'l;'“}]“-“ l”m.]-1 d.f:‘\l\ ]'.L‘;-l'{'n ::1:‘-1-.1I 1lliulm :lnnlyﬁiq c.ln.lrtwlwilt;l:ln libérnl : --I" "h”."'_ f““l fumlur]_\' t'iu‘s alloy ""]_“" pro-cut the opposing metal.
j_,]l when e broad term steel differen- il['pl‘lrl’.itﬂﬂtil)ﬂﬁ of hmnd]_\' stated Epﬁ(‘i' 3 3 jectiles a :_'TF“iI.TI'T power to attack and to Bl'oke Bﬁfore Red Hot-
tiated that metal from iron by reason of feations o penetrate defensive walls of steel. : SR ; .
b 7 b St Simnle: niskel stuel poscssos additiogal As might be imagined readily, pressuro
the former containing just syflicient ear- Even so, therg were technioists, metal- H - A R "_m‘ H 2 _P i ‘MH O on u tool produces heat, and in the run of
bon to make it Pll]]ﬂ!ill} Ot lmr(lf‘ning |I'I.]'}','l.‘-f5 who had hlazed the way for steals 1 it sirength and .1|I!lfl|!l_\‘h_\-‘ I‘“I.I..-\nIl of that I5A el bwknte vedte. a0 tha  eiitiin
, . . of gup(‘rior quaii["an_._tl"\v were the lab- 3 - o 3”“_\'. and owing 1o this Tact'is fll?:lp[lll!]l_‘ s & e A ag g g
greatly when suddenly subjeeted to a cool- i Aapio T Inying s ftvon = to structural purposes, such ds bridzes, edgre broke after the temperature 'nlr,,-v ln-,__-h
ing bath, Text books on the subject re- foundation l'urll\ day of {!;mll-r.in;f i gun forgings, machine parts, antomobiles "['“'""g!I‘I‘f' “;_“1_‘["' that I":” "; ‘Ih"- m“llnl'in:;
) i : " . U 5 Y d ] L)
vealed how virying percentages of earbon tions and the manufacture of steels eap- and lany other uses too severe for ordi- I}l‘ , Hl,‘a Iilltllr{! p:ll ITTC ’ ‘.n]ﬂ] -~
would affect the degree of hardness, and able of doing things nndreamed of by the » R i, nary sledls, ‘\';,.‘k,,g gteel saveq 'some t—\!;;(ltnill[:n rﬂ#'n u‘r"r u_l._a:lI::r¢3 .qunlli ‘;2}.:1::&1
they further devoted space to the relative great army of steel munkers, These changes 44 ’ : ¢ i weight, & matter of imporianee in bridges, i\'i e ahlh | o ‘rk " the Bethlohem
values of water, oil, &c., as mediums by were wml.{ght. gradually—beginning about i v. for instance, having great spaus, Ac- di ltll‘(";m ;; : U'nsl:mq (}(.\--.]n‘,‘,_a,[ 2
which the refrigeration eould be best ffty years ago—by adding to the carbon AR cordingly, this motal was worked into the P/O VOTIPARS: I }‘» R \J] heat
aekaevad. - and feon' of sl varying percenta b 5% = Queensboro and Manhattan bridges and high speed tool “t*_‘f‘] which, Ill‘.l T r .:P:*; X
To put it mildly, the practice of steel of alloying clements. ;fht*% facts mm in other large viadweis, Simple nickel “"‘n_l;l g? 5 RUISEE BE RS
' b i e . ey ' : R TR i rapid rate.
making, so far as it concerned the physi- be borne in mind if we aro to appreciate ! steels contamn from 2 1o 4 per ecent. of Wihiey vasd. for theie staal slloving ¢t
. . N . . b e s ing cnro-
cal nigeties of the metal, became in prae- just what Prof. Arnold, with his sssociate, thiat ‘”}'t"l' ; - d t den. 'and b!ﬂ»"t‘f‘l od he
tica pretty much of a rule of thumb pro- Prof. Fred Ibbotson, has done recently. Prof. J. 0. Amold, who now claims to "}’:::}':w::“ A ::"*l-*::’li‘:‘“'o Iu':at Il'f'JM-[Hll:!II. of
cedure, and the ultimate product was the Henry D. Hibbard of the United Btates have evolved a supersteel with A, A, Read, | tevising. The Tavior-White tools
consequence of a hit and miss perform- Hnrmm'nf Mines nas dealt in an interest- discovered ;1!;::1111 .Ii"" ""ll'"m agrmltlm_t_n 13 .m.:'.lil:l ;:: ::iwf:ml p:‘l “:‘:'T:’J:‘]m’””'" v de-
ing way with the manufacture and the === per cent, nickel-iron alloy and 0.55 per a0'fash 8 .. b they g8
ance on the part of the furnsceman. In g way 1 cont et komsenned: thn Nkt ot berdl livered chips at a blue heat and in nmaze

ing quantities; and at the Bethlehem
ghop, to the confusion of the seeptical, n
voung man lighted a cigaretie with oue
of these chips,

Sinee then further progress lins been
made in the evolution of high speed tool
steels, and these are capable of cufting
continuously at speeds from three to five
times a8 great as that practicable with
other tools, It is said that the tendeney
of the makers is toward somewha! unie
form esmposilion as I'I“,,.'II!'IL\ the contents
ol the alloyving elements whose benefits
have become fairly well known, and whosa
nse A8 n consequence may be considered
established. Speciieally, these alloying
elements are tnngsten and chrominm, with
the addition of vanadium and cobalt—ae-
cording to the views of the various pro-
dueers, Vanadium, like chrominm, is said
to inerease red hardness of the cutting
wdire

Under date of 1013 Frank L. Hess, in
n pamphlet issued by the United States
(ieologieal Survey, mnkes this statement:
“Clobalt has been tried many (imes as o
steel alloy without making a notable im-
provement i the resulting steel.” And
then he quotes a French experimenter who
says:  “Cobalt steels show no properties
that are of industrisl interest.,” Even so,
two vears later, owing to the laboratory
work of the metallnreist, the United States
Burean of Mines informs the world that
“sabalt now threatens to change fool steel
manufacture beeause of the properties it
ymparia,

“This result was hardly to have been
expected in view of the experience with
nickel, which ecobalt much resembles, as
nickel has been condemned by nearly
overy munufneturer ns not being n desir-
n’aT--'i:igz'ml‘.l-::! of high speed tool steels
hecanse of the effeet it has of making the
edee soft or ‘leady.'”

And now we come fo Prof. Arnolds
supersteel, which, so cable dispatehes tell
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